The first fracturing report describes a combined laboratory and modeling project designed to measure the key factors controlling fracturing effectiveness in tight gas reservoirs. This long-term program is expected to result in better fracturing treatments in this type of reservoir with concomitant improved well performance and lower stimulation costs. The second report, Water Issues and Unconventional O&G Development, addresses the problem of developing unconventional resources in a more environmentally sustainable manner. Many of the new gas plays are in areas of the country with no O&G infrastructure or in populated areas. (The "sweet spot" of the Barnett Shale gas development is directly beneath the city of Ft Worth!). The third report discusses an alternate approach to modeling fracturing behavior in tight gas sands. The technique, involving a newly-developed Distributed Volumetric Sources (DVS), can be used to quickly optimize well planning and field development. The fourth report uses the well known concept of elliptical flow behavior as a transitional flow pattern that occurs between linear and pseudo-radial flow in the traditional well test and develops type curves to be used in the transitional portion of well flow to predict long term well performance.
Introduction
The key to producing gas from tight gas reservoirs is to create a long, highly conductive flow path (a hydraulic fracture) to stimulate flow from the reservoir to the wellbore. To maintain conductivity in the fracture, it is important to pump sufficient quantities of propping agent into the fracture. To carry high proppant concentrations deep into the fracture, we need to use viscous fluids. However, these same viscous fluids need to break back to a thin fluid after the treatment is over so that the fracture fluid can clean up.
In shallower, lower temperature (less than 250° Fahrenheit) reservoirs, the choice of a fracture fluid is very critical to the success of the treatment. Current hydraulic fracturing methods in unconventional tight gas reservoirs have been developed largely through ad-hoc application of low-cost water fracs, with little optimization of the process. It seems clear that some of the standard tests and models are missing some of the physics of the fracturing process in low-permeability, naturally fractured porous media.
Research Objectives
The objective of this project is to develop and test new techniques for creating extensive, conductive hydraulic fractures in unconventional tight gas reservoirs by laboratory measurements of the conductivity created with high rate proppant fracturing using a fresh conductivity test -the "dynamic fracture conductivity test". Our focus will be on assessing the damage to propped fracture conductivity caused by fracture fluid gels.
Approach
We will conduct an extensive series of laboratory tests of the "dynamic fracture conductivity." Unlike conventional fracture conductivity tests in which proppant is loaded into the fracture artificially; we will pump proppant/frac fluid slurries into a fracture cell, dynamically placing the proppant just as it occurs in the field. The fracture conductivity will be measured by flowing nitrogen through the proppant pack. Leakoff will be allowed, and the damage caused by different fracturing fluids will be tested.
Project Status
We have designed and built the experimental apparatus setup as shown in Figure 1 to conduct the dynamic facture conductivity tests. The main components of the apparatus are a mixing tank to prepare slurry, a high pressure pump to pump the slurry at high pressure condition (Figure 2 ), a modified API fracture conductivity cell, a load frame to apply closure stress (Figure 3 ), a flow system with leakoff capability, and auxiliary equipment.
To date, equipment has been assembled and some experiments have been conducted to test the equipment. Pumping a slurry of fracture fluid carrying proppant at high pressure and elevated temperature is a challenging task in the laboratory. We are currently testing the major components in the system, in particular the high pressure pump, the heaters used to warm the slurry before entering the cell, and the back pressure regulators used to maintain pressure in the cell. When the equipment shakedown is completed, we will begin a series of experiments aimed at measuring gel damage to the conductivity of a propped fracture.
Project Information
Crisman Project: 2.5.9 Project Title: Advanced Hydraulic Fracturing for Unconventional Tight Gas Reservoirs. It has been long established from well testing concepts that an elliptical flow pattern exists in hydraulically-fractured wells producing from low permeability (<0.01 md) and ultra-low (<0.001 md) formations (often referred to as "tight gas" sands or "shale gas"). Elliptical flow (as with pseudoradial flow) represents a time period when the reservoir properties begin to dominate the reservoir performance. Moreover, the duration of the elliptical flow period may last for many months -perhaps even years, depending on the reservoir and hydraulic fracture properties. Consequently, understanding the elliptical flow period and its impact on well performance is critical for the optimal development of a tight gas sand reservoir.
Related Publications
This project presents research to develop a series of decline type-curves for a system consisting of a hydraulic fracture at the center of an elliptical reservoir. These type curves are generated from the constant rate, wellbore pressure solution obtained using an analytical method. The curves are generated for different values of the fracture conductivity and as a function of the elliptical boundary characteristic parameter (ξ0).
Elliptical flow has long been considered as a transitional flow pattern that occurs between linear and pseudoradial flow in the traditional well test analysis of fractured wells.1 Elliptical flow also occurs also in circular anisotropic reservoirs. Figure  1 shows the concept discussed in detail in the paper SPE 106308 by Amini, Ilk, and Blasingame Their paper establishes a "correlation" based on "Fetkovich-style" type curves developed using properties of the reservoir/fracture system. The elliptical boundary model is employed as a diagnostic tool to establish/ validate the elliptical flow regime from production data. 
Contact Information
Tom Blasingame 979-845-2292 t-blasingame@tamu.edu Figure 2 shows the type curve overlay for production data, which is used to calculate properties of a low permeability reservoir during early transitional flow period. As noted, for some tight gas reservoirs, this period may extend for months -so the proper identification and characterization of this regime is critical.
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Water Issues and Unconventional Oil & Gas Development
As a follow up to the development of advanced membrane desalination of oil field brine, GPRI sponsors and Crisman Institute members are being asked to consider new studies in well site water management research. "Water Issues and Unconventional O&G Development" introduces a new issue related to water utilized in the recovery of oil and gas from unconventional resources. This is an emerging industry in Texas requiring large amounts of water resources, most of which cannot be recovered with present technology.
This new source of energy from unconventional resources is expected to represent almost 50% of the natural gas produced in the United States in the next 25 years with Texas having the opportunity to be in the forefront of technology developed to achieve this by sustainable economic development. However this new "face of the O&G industry" is even more dependent on water resources than traditional operations. It also tends to be more intrusive and can negatively impact sensitive environmental areas and the local community if not integrated into managed processes for change that govern economic development in the state.
The emergence of energy dependence on unconventional gas reserves has not been fully realized by either the public or policy makers. Unconventional gas development represents an important natural resource in Texas that will require significant amounts of water. For example, technology advancements in gas well fracturing technology in the Barnett Shale have created a drilling "boom" in North Texas. Standard practice in the Barnett Shale is to perform fresh water fracs in multi-stages in horizontal wells. This technique typically uses from 2 to 5 million gallons of fresh water. To put the issue into perspective, drilling, completion and fracturing operations in just a few Texas counties are using more fresh water daily than a small city. Essentially all of this water is then disposed of in deep wells and removed from the normal, natural water cycle.
In the Barnett Shale, there is an opportunity to perform salt water fracs that allow re-use of much of the flow back brine from recently completed wells. New chemicals are available that function in brine water. Membrane cleaning techniques are available to condition brine to remove suspended solids and make it amenable for use in a fracturing fluid. Laboratory and field tests are being planned to demonstrate the cost effectiveness of using brine fracture treatments but this must be shown to be effective before the technology is adopted widely. 
Project Information
Predicting Productivity of Multiple-Fractured Horizontal Gas Wells
In low-permeability gas reservoirs, horizontal wells have been used to increase the reservoir contact area, and hydraulic fracturing has been further extending the contact between wellbores and reservoirs. This project presents an approach to evaluate horizontal well performance for fractured or unfractured gas wells, and a sensitivity study of gas well performance in low permeability formation. A newly-developed Distributed Volumetric Sources (DVS) method was used to calculate dimensionless productivity index for a defined source in a box-shaped domain. The unique features of the DVS method can be applied to both transient flow and pseudosteady state flow with a smooth transition between the boundary conditions. By describing the geometric dimensions of the sources, productivity index for a horizontal gas well or a longitudinal fracture along a horizontal well is readily calculated. For transverse fractures with infinite conductivity or uniform flux, the superposition principle is used for multiple sources in the system. Wellbore frictional pressure drop is coupled with the inflow calculation from fractures. The method was confirmed by some published models.
The study compares the productivity of horizontal wells versus horizontal well(s) with hydraulic fractures. The effects of parameters such as reservoir permeability and anisotropy ratio, horizontal well spacing and placement, and orientation of fractures along a horizontal wellbore are also presented in the SPE paper 106280. The objective is to optimize well design based on the maximum productivity and economic benefit.
The results of the study show that the performance of horizontal wells can be very sensitive to the vertical permeability of the formation. In low vertical-permeability formation (high anisotropic ratio), horizontal well performance suffers. In such a case, hydraulic fracturing improves well performance significantly since vertical permeability plays a less important role in fracture flow (Fig. 1) . The method can be used to optimize well planning. In a large drainage area, multiple-well placement, even with shorter wellbore length, increases productivity, compared with single-well placement. This benefit diminishes as reservoir pressure decreases (Fig. 2 ). The method also shows that for longitudinal fractures, partially penetrating long fractures perform better than fully penetrating short fractures when vertical permeability is not too low (Fig. 3) . The study provides insight on optimization of production performance in low-permeability gas reservoirs. Using lessons learned from hydraulically fractured wells, the conference presented current and proven technology in hydraulic fracturing with an emphasis on how this technology can be applied on a global scale.
The technical program featured a plenary session on Monday (Jan. 29) at 9 a.m. which was followed by panel discussions and technical papers presented by experts and specialists who are well known around the world. Speakers identified and discussed the latest technology used to meet today's global challenges. The conference provided attendees with the best practices available and made this a premier conference on hydraulic fracturing. 
